considerations are used to carry out a Fourier decomposition of the radiation intensity for a model atmosphere that has a ground defined by a general reflection function. In contrast to simpler problems, the intensity here has both sine and cosine components that are coupled by way of the boundary condibons at the ground. Copyright @I996
INTRODUCTION
In a recent paper,' Godsalve carried out a Fourier analysis for an anisotropically scattering atmosphere illuminated by an incident solar beam. Interestingly, in order to represent better a remotesensing problem, Godsalve allowed the ground to reflect in an asymmetrical manner, and this ground condition is such that both sine and cosine components are required in a Fourier decomposition of the radiation intensity. However, in reading the paper of Godsalve, we have discovered that serious errors were made in that work in regard to the coupling, by way of the boundary condition at the ground, between the sine and cosine components of the solution. In this work we report what we believe to be a correct Fourier decomposition that can be used to solve this new class of radiativetransfer problems. We note also that Godsalve introduced the discrete-ordinates approximation at the beginning of his analysis, and so a set of well-posed component problems that can be used with other solution techniques is not readily available from his paper. Thus here for a general model of ground reflectance, we develop a complete formulation, for all of the component problems related to a Fourier decomposition of the radiation intensity, that is independent of the solution technique to be used.
We let Z(T, P, Q)) denote the intensity (radiance) of the radiation field and utilize the equation of transfe? for a plane-parallel medium to model our atmosphere. We write P;Z(T. P, 9) + Z(T, P. ~1 = g II ', ;np(Cos@)I(T. P', ~'NN'd~ (1) where T E (0, TO) is the optical variable and m is the albedo for single scattering. In addition, P E [ -1, 11 and Q, E [O, 27~1 are, respectively, the cosine of the polar angle (as measured from the positive T axis) and the azimuthal angle which describe the direction of propagation of the radiation. We note also that the phase function p(cos 0) is represented by a finite Legendre expansion in terms of the scattering angle 0, viz. where the coefficients are such that /30 = 1 and l&l < 21+ 1.
We assume that the atmosphere is illuminated uniformly by a solar beam with a direction specified by (~0, VO), and so we seek a solution to Eq. (1) (3a) (3'4 As we wish to include the possibility that there could be some phenomenon (e.g., rows of plants, or ocean waves) related to the ground that introduces a special direction into the problem, we make no assumptions here regarding the symmetry of the reflection function R(p', ZJ, p', p,). We note that, in writing the boundary condition at the ground as we have in Eq. (3b), we are considering that the reflection function describes the reflection of radiation from some direction defined by the variables (p', v'), with ~1' E (0, 11 and c@ E [0,2rr], to another direction defined by the variables (-p, p,), with p E (0, 11 and 9 E [O, 27~1.
THE UNSCATTERED COMPONENT OF THE INTENSITY
Since the incident beam for the considered problem is represented by deltafunctions, the resulting intensity will also have a component containing generalized functions, and so, in order to avoid the impossible task of trying to compute generalized functions, we use first a decomposition of the form Z(r, /J, 9) = Zo(r, /J, '7.') + Z* (T, cI> V)
where ZO(T, p, QI) denotes the solution of Eqs. (1) and (3) (5b)
THE COMPLEMENTARY COMPONENT OF THE INTENSITY
We can now substitute Eq. (4) into Eqs. (1) and (3) and deduce, after noting Eqs. (5), that the for ~1 E (0, 11 and QJ E [O, 27-r]. Here, the known inhomogeneous term is
Before attempting a Fourier decomposition of the complementary component of the intensity, we make use of the addition theorem3 for the Legendre polynomials and express the scattering law as P(COS@) = &+ (2 -60,m) i B;"p;"(P')p;n(P) cosMq7' -p,)l (9) m=O I==tn where
denotes an associated Legendre function, and where fly= (1 aI%.
Using Eqs. (5) and (9), we rewrite Eq. (6) as 
where now we write the inhomogeneous term as (27b)
Finally we substitute Eqs. (15), (17) and (25) for /A E (0, 11. We also find
I&, (7, -p) = I$,,,( TV, -p)e-(TD-T)'fl (314 and

Z&,,(T, -jd = Z&(TO, -j.de-(T"-T)ip @lb)
for /A E (0, 11. Here Z;,,(TO, -p) and J;,,(To, -p) are to be determined. 
SPECIAL CASES
At this point we would like to show how the foregoing development reduces to simpler forms for three special cases. We consider first a mixture of specular and diffuse reflection. We thus write 
where B is the angle between the vectors that define the incident and emergent directions of the radiation. In addition, the {bk} are coefficients that are assumed known. As we did with the phase function, we can use the addition theorem3 for the Legendre polynomials to rewrite Eq. (39) as
We note that if we choose Q-J, = (~0 then the complementary part of the intensity Z* (T, p, p) will not have any sine components. Here again Eq. for P E (0,ll. Here
To complete the formulation for this special case, we note that Z;,,,,(T, /.J) = 0 for m > L.
Our third (and last) special case is defined by the reflection function
where the coefficients {Uk (P', P) 1 and {bk (P', Z.J) } are assumed known. We note that Eq. (47) 
CONCLUDING REMARKS
Having considered a fairly general reflection function, we find that the Fourier decomposition is considerably more complicated than what we are accustomed to seeing in radiative transfer calculations in plane geometry. In particular, we see that for the general case an infinite number of sine and cosine components of I* (T, p, q,) are required to establish the solution. We note also that the first L sine and the first L + 1 cosine components of 1, (T, fl, q,) are coupled by the boundary condition at the ground and that the solution for the remaining sine and cosine components of I* (T, p, cp,) can be expressed in terms of the solutions for those 2L + 1 components. Needless to say, some simplifying assumptions about the reflection function, as, for example, the ones we have made in Sec. 4, could make the formulation of the desired solution for the intensity a great deal more tractable.
